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lllah Nourbakhsh, Carnegie Mellon University

OBJECTIVES:

Introduce a low-cost mobile science rover platform,
including necessary hardware and software
innovations, enabling a user to design and execute
science missions in the domestic environment and
over the long term.

INNOVATIONS:

Low-overhead perception; back-EMF motor control;
dynamic terrain stability; human-robot interaction
design and formative evaluation cycle

MILESTONES:

 Year 1: Underlying technologies and first
chassis

Vision and motor control boards
Temporary 802.11b + StrongARM architecture
Moving COM chassis hardware complete

* Year 2: Interaction design and first
revisions

Back-EMF motor speed control
Server-side interface development
Mission-control demonstration, evaluation

* Year 3: High-level behavior and software
finish
+ Final communication design & implementation
+ User community teaching and seeding
+ Self-dockina and other autonomv behaviors

NASA RELEVANCE:

» Excite and inspire children regarding science
and engineering

« Stimulated the public’s understanding of the
technologies that enable today’s missions;
l.e. Advanced Autonomy.

» Tie-in with outreach goals of MER

« MER support of Personal Rover web
community

 Mars remote access via data links to
Personal Rovers in homes and in Mars
yards



Accomplishments

CMUcam low-overhead vision system

paper presentation at CVPR and now at IROS ‘02
DSP version at the frame dump level

Rover prototype R1

interaction design and GUI study

hardware (3x), motor control systems, 802.11b firmware
four-encoder position integration algorithm

GUT’s: teleoperation, teaching and mission scheduling

AAAI demonstration and workshop paper

Rover prototype R2

low-cost hardware x 35 copies
Back-EMF speed control and terrain sensing

Robotic Autonomy summer course

community experiment, longitudinal educational study



My Personal Rover:
A Domestic, Educational Science Rover

lllah Nourbakhsh, Carnegie Mellon University

OBJECTIVES:

Introduce a low-cost mobile science rover platform,
including necessary hardware and software
innovations, enabling a user to design and execute
science missions in the domestic environment and
over the long term.

INNOVATIONS:

Low-overhead perception; back-EMF motor control;
dynamic terrain stability; human-robot interaction
design and formative evaluation cycle

MILESTONES: NASA RELEVANCE:
* Year 2: Interaction design and first  Excite and inspire children regarding science
revisions and engineering

» User notification development-- niche building . . . .
. Mission-development user testing Stimulated the public’s understanding of the

- Rover & interface re-design technologies that enable today’s missions;
+ Longitudinal educational study l.e. Advanced Autonomy.

« 802.11 driver board; IP2020control board

+ Scheduler and executive: multi-day implementation * Tie-in with outreach goals of MER

« Year 3: High-level behavior and software  MER support of Personal Rover web
rollout community
» Final communication design & implementation « Mars remote access via data links to

+ User community teaching and seeding

+ Self-docking and other autonomy behaviors Personal Rovers in homes and in Mars

yards




CMUcam: low-overhead perception

« User community exceeds 300 individuals, four
universities

* Next: histogram-based obstacle avoidance and
navigation; image differencing



Rover prototype design
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Back-EMF trajectories during stair climb

Climbing up a Stair
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Teleoperation & Teaching Interface
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Teaching Wizard Flow

-Motion Design
To hedin, select a type of maotian:

@) driving
) turning in place

I climb a stair

<Back || Mextsl | Dait

Cancel

~Driving
{_) drive to a set point
) drive toward a landmark
(> follow a hallway
= Back Next = Bait! Cancel




Teaching Wizard Flow (2)

@ Verify Landmark

The landmark vou selected appears to match the fallowing types
of landmarks. You can select the closest match, if yau want me
to note that the new landmark is the same type. Ifnone ofthese
are correct, make sure none are selected when you click Ok, and
wou will have the option to save this type of landmark.

-Possihle Matches-
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Long-term Mission Development Interface
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File Rover |
| Mission Development | Mission

Mission Components
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Mission Scheduling

File Raover
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| Mission Scheduling

Currently scheduled missions:

[ty First Mission
Check Dog Food
~Details
Mission Name: Iy First Mission
Mission Length: less than 1 second
Start Date and Time: Fri Aug 16 16:45:37 EDT 2002
Repeat: repeat every 10 mimnes
Total Humber of Runs: 15
Runs Completed: 1]
Runs Remaining: 15
| Edit Mission Schedule |

| Cancel Mission |




RI 16-162U

Robotic Autonomy




Course Website: www.cs.cmu.edu/~rasc

3 Aobotic Autonomy - Microsoft Internet Explorer
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> Smart Wander

Summary: Wanderbot is a very basic autonormous
movement program for trikebots. Tts principal function,
smart wandering, enables it to move contnuously in
most areas. It uses a rangefinder to identify any object
that gets cloze to the robot {or at least the senzor) and
ofice it recognizes this, it backs up, and then turns itself
if a new direction. This can be any number of degrees,
but we chose for ours to rotate 1357, at least mihially.
After turning, the robot continues its journey. Also,

because of the back EMF properties of the trikebot’s
motor, the trikebot wall alse turn around 1t becomes
stuck on anything, even if it cannot be found m the I i
rangefinder. This combination of abilities should enable r'fl_’ﬂ*;; : ﬁ""““*“—"“""”ﬂ'
it to get around virtually every obstacle on flat ground. | ;‘i—- R} ol ke
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(20,00 unttl 1t reaches a certam distance from an object R
(=250000, then it backs up (-10,0) and then turns 115 Bt
degrees and continues traveling at (30,0}, ‘T * Llf.lf-

-C‘Jf'f&;dm de | A e

On the other hand if it gets stuck on any part of the M v.:' i 9\‘“‘_#‘
robot and is unable to mowe forward for ¥ a second it 1

?ﬁ\“ﬂg‘-l Tre irpiod denses & s

] o &9 = *
i S 4 T mans, . G ook
CIPEL L A *_;_vur 1@%\- S

4 ‘3 ‘H'\U\I\"\-F\, Ve i | Ay e T
%-- clmapd, ThE Whs wEaA L,

e e wpde e hita
gl

automatically backs up (-10,0) and turnz 20 degrees
then continues to mowve forward,

Performance: After getting Wanderbot to worl: the .
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